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POLYETHYLENE COMPATIBLE SULPHONIC ACIDS AS SI LANE 
CROSSLINKING CATALYSTS 

The present invention relates to a crosslinkable 
5 polymer composition containing a crosslinkable polymer 
with hydrolysable silane groups and at least one silanol 
condensation catalyst. 

It is known to crosslink different polymers by means 
of additives. Crosslinking improves such properties of the 
10 polymer as its mechanical strength and heat resistance. 

Polymers normally considered to be thermoplastics, and not 
crosslinkable, can also be crosslinked by introducing 
crosslinkable groups in the polymer. An example thereof is 
the crosslinking of polyolefins, such as polyethylene. A 
15 silane compound can be introduced as a crosslinkable 

group, e.g. by grafting the silane compound onto the pre- 
pared polyolefin, or by copolymerisation of the olefin and 
the silane compound. This technique is previously known, 
and further details may be obtained from US Patent Speci- 
20 fications 4,413,066; 4,297,310; 4,351,876; 4,397,981; : 
.. 4,446,283; and 4,456,704, all of which are incorporated 
herein by reference . 

The crosslinking of polymers with hydrolysable silane 
groups is carried out by so-called moisture curing, in a 
25 first step, the silane groups are hydrolysed under the 
influence of water, resulting in the splitting-off of. 
alcohol and the formation of silanol groups. In a, second 
step, the silanol groups are crosslinked by a condensation 
reaction splitting off water. In both steps, a so-calied 
30 silanol condensation catalyst is used as catalyst. 

Prior-Tart silanol condensation catalysts include car- 
boxylates of metals, such as tin, zinc, iron, lead and 
cobalt; organic bases; inorganic acids; and organic acids. 
Mention should here especially be made of dibutyi 
35 tin dilaurate (DBTDL), dibutyi tin diacetate, dioctyl 

tin dilaurate, stannous acetate, stannous caprylate, lead 
naphthenate, zinc caprylate, cobalt naphthenate, ethyl 
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amines, dibutyl amine, hexylamines, pyridine, inorganic 
acids, such as sulphuric acid and hydrochloric acid, as 
well as organic acids, such as toluene sulphonic acid, 
acetic acid, stearic acid and maleic acid. Especially the 
5 tin carboxylates are much used as catalysts. 

EP 0 475 064 further teaches the crosslinking of 
silane-containing polymer compositions with hydrolysable 
groups by means of a zeolite that has been modified by 
being reacted with at least one carboxylic acid and/or 
10 sulphonic acid at a temperature of at least 150°C. Exam- 
ples of sulphonic acids are toluene sulphonic acid and 
alpha-, and beta-naphthalene sulphonic acid. The crosslink 
is said to be of essentially non-hydrolytic type. 

WO 91/09075 further discloses the use of a blocked 
15 acid, such as an acid anhydride, e.g. stearic acid anhy- 
dride or benzoic acid anhydride, as silanol condensation 
catalyst. Such catalysts counteract undesirable premature 
crosslinking, commonly referred to as scorching or precur- 
ing, of the polymer composition. 
20 GB 2,028,831 and EP 0, 193, 317 may be mentioned as 

examples of the prior. art relating to the crosslinking 
of polymers containing hydrolysable silane groups by 
means of the above-mentioned silanol condensation cata- 
lysts. EP 0,207,627 also discloses the use of a special 
25 silanol condensation catalyst in the form of a tin-con- 
taining polymer. 

Although the above silanol condensation catalysts, 
and in particular the tin carboxylates, are frequently 
used in the crosslinking of polymer compositions con- 
30 taining silanol groups, they are disadvantageous in some : 
respects. Thus, efforts are being made to find silanol 
condensation catalysts reducing or obviating these disad- 
vantages. 

• , For instance, prior-art silanol condensation cata- 

35 lysts function satisfactorily only at elevated tempera- 
tures in the order of .80-100 °C and give a poor performance 
at normal ambient temperatures and relative humidities, 
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such as room temperature (about 20-25°C) and 50* RH. In 
many contexts, such as the production of cable irisulations 
or water pipes, it is desirable that the silane-containing 
polymer composition can be crosslinked at room tempera- 
5 ture without the use of water baths or steam cabinets. The 
degree of crosslinking of the polymer composition is mea-! 
sured as the gel content after crosslinking at .9 certain 
temperature for a certain period of time. It is desirable 
that crosslinking at room temperature for four days should 

10 result iri a gel content of at least about 65% and a cata- 
lyst loading of about 1 mmole/kg composition. This is not 

; achieved by existing silanol condensation catalysts, and 
it would therefore be a considerable step forward to pro- 
vide a silanol condensation catalyst meeting this require- 

15'; ment. : ■ 

The present invention relates to a new kind of sila- 
nol condensation catalyst reducing or obviating the draw- 
backs of prior-art catalysts in the crosslinking of poly- 
mer compositions containing polymers with hydrolysable 

20 . silane groups. More precisely, the inventive silanol con- 
densation catalyst consists of certain lipophilic alkyl 
benzene or naphthalene sulphonic acids, or precursors of 
such. acids, which permit crosslinking of silane-containing 
polymer compositions at room temperature. 

25 The invention thus provides a crosslinkable poly- 

mer composition containing a crosslinkable polymer with 
hydrolysable silane groups and at least one silanol con- ; 
; densation catalyst, said polymer composition being char- 
acterised in that the silanol condensation catalyst com- : ' 

30 prises a compound of formula I 

ArSOgH [ (I) 

or a hydrolysable precursor thereof, Ar being a substitut- 
ed aryl group, and the total compound containing 14-28 
2g carbon atoms. . Preferably, the aryl group is an aikyl^siib- 
stituted benzene ring with the alkyl substituent contain- : 
ing 8-20 carbon atoms. 
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Further characteristics and advantages of the inven- 
tion appear from the appended claims and the following 
description. 

The inventive silanol condensation catalyst is dis- 
5 tiriguished by being a benzene or naphthalene sulphonic 

acid that is sufficiently lipophilic to be compatible with 
the polymer composition to be crdsslinked, e.g. polyethy- 
lene containing hydrolysable silane groups. To achieve 
such lipophilicity, the hydrocarbon group of the alkyl- 

10 aryl sulphonic acid must have a certain size and must, 
e.g. in the case where the acid is a benzene sulphonic 
acid, have an alkyl substituent containing at least 8 car- 
bon atoms, as indicated in the foregoing, if the alkyl 
group does not have such a size that the lipophilicity 

15 requirement is met, the catalyst is not compatible with 
the polymer composition but will be released therefrom 
upon crosslinking in aqueous solution, thus impairing 
crosslinking efficiency; 

In the inventive silanoi condensation catalyst of 

20 formula I, Ar preferably is an alkyl-substituted aryl 
group containing a benzene or naphthalene ring, substi- 
tuted by an alkyl group, the size of which is 8-20 carbon 
atoms in the benzene case and 4-18 carbon atoms in the 
naphthalene case. Due to commercial availability , it is 

25 most preferred that the aryl group is a benzene ring, sub- 
stituted with an alkyl substituent containing 12 carbon 
atoms . 

The currently most preferred compounds of formula I 
are dodecyl benzene sulphonic acid and tetrapropyl 

30 benzene sulphonic acid- 

The inventive silanol condensation catalyst may also 
be a precursor of a compound of formula I, i.e. a compound 
that is converted by hydrolysis to a compound of formula 
I. Such a precursor is the acid anhydride of the sulphonic 

35 acid compound of formula I. Another instance is a sulpho- 
nic acid of formula I that has been provided with a hydro- 
lysable protective group, e.g. an acetyl group, which can 
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be removed by hydrolysis to give the sulphonic acid of 
formula I. 

According to the invention, the amount of silanol 
condensation catalyst present in the crosslinkable polymer 
5 composition generally is in the order of about 0.0001-3% 
by weight, preferably about 0.001-2% by weight arid most 
preferably about 0.005-1% by weight, as baseid on the 
amount of silanol-group containing polymers in the compo- 
sition. It will be appreciated that the effective amount 
10 of catalyst depends on the molecular weight of the cata- • 
lyst. Thus, a smaller amount is required of a catalyst 
having a low molecular weight, than of a catalyst having 
a high molecular weight. 

The inventive catalyst is preferably added to the 
•15 crosslinkable polymer in the form of a master batch, i.e. 
mixed with a polymer, such as a homo- or copolymer of 
ethylene, e.g. PE-LD or EBA containing 3-30% by weight of 
butyl acrylate. The master batch contains a minor amount 
of the catalyst, generally about 0.02-5% by weight, pre- 
20 ferably about 0.05-2% by weight. 

The inventive catalyst may be used in the crosslink- 
able polymer composition alone or combined with other 
silanol condensation catalysts, such as other catalysts of 
the formula I or conventional silanol condensation cata- 
25 lysts, e.g. carboxylic acid salts of the metals tin, zinc, 
/ iron, lead and cobalt; hydrolysis products of alkyl tin 

trichlorides; organic bases; inorganic acids; and organic 
' acids.' 

The crosslinkable polymer composition according to 
30 the invention chiefly corresponds to prior art crosslink-:.- 
. ° . . / able polymer compositions containing hydrolysable silane 

groups, but differs therefrom by containing the silanol 
condensation catalyst described above. 

Thus, the invention generally concerns crosslinkable 
35 polymers containing hydrolysable silane groups, and more 
precisely it relates to olefin copolymers or graft poly- 
mers which contain hydrolysable silane groups and which ; 



WO 95/17463 



PCT/SE94/01028 



6 

are crossllnked under the influence of water and at least 
one silanol condensation catalyst. Specifically, the 
erosslihkable polymer is an ethylene homopolymer or copo- 
lymer containing crosslinkable silane groups introduced 
5 either by copolymer! sat ion or graft polymerisation. 

Preferably, the silane-containing polymer has been 
obtained by copolymerisation of ah olefin, suitably ethy- 
lene, and an unsaturated silane compound represented by 
the formula 

10 ~ R l SiR 'n Y 3-n 

wherein 

is an ethylenically unsaturated hydrocarbyl, hydrocar- 
byloxy or ( meth ) aery loxy hydrbcarbyl group, 

R f is an aliphatic saturated hydrocarbyl group, 
15 Y Which may be same or different, is a hydroly sable orga- 
nic group, and 

n is 0, 1 or 2. 

If there is more than one Y group, these do not have to be 
identical . • ■ 

20 Special examples of the unsaturated silane compound 

are those wherein R^ is vinyl, allyl, isopropenyl, bute- 
nyl, cyclohexenyl or gamma- (meth) aery loxy propyl; Y is 
methoxy, ethoxy, f ormyloxy, acetoxy, propionylbxy or an 
alkyl- or arylamino group; and R', if present, is a 

25 methyl, ethyl, propyl, decyl or phenyl group. 

A preferred unsaturated silane compound is repre- 
sented by the formula 

CH 2 «CHSi(OA) 3 (III) 

30 wherein A is a hydrocarbyl group having 1-8 carbon atoms, 

preferably 1-4 carbon atoms* 

The most preferred compounds are vinyl trimethoxy- 

silane, vinyl bismethoxyethoxysilane, vinyl triethoxy- 

silane, gamma- (meth )acryloxypropyltrimethoxysilane, gamma- 
35 (meth) aery loxypropyltriethoxysilane, and vinyl triacetoxy- 

silane. 
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The copolymerisation of the olefin (ethylene) and the 
unsaturated silane compound may be carried out under any 
suitable conditions resulting in the copolymerisation of 
the two monomers. 
5 Moreover, the copolymerisation may be implemented in 

the presence of one or more other comonoroers which can be 
copolymerised With the two monomers* Such comonomers 
include (a) vinyl carboxylate esters, such as vinyl ace- 
tate and vinyl pivalate, (b) alpha-olef ins, such as pro- 
10 pene, i-butene, 1-hexene, 1-octene and 4-methyl-l-pentene, 
(c) (meth)acrylates, such as methyl (meth) acrylate, ethyl- 
(meth) acrylate and butyl ( meth) acrylate, (d) olefinically 
unsaturated carboxylic acids, such as (meth) acrylic acid, 
raaleic acid and fumaric acid, (e) (meth )acrylic acid deri- 
15 vatives, such as ( meth)acrylonitrile and (meth)acrylic 
amide, (f) vinyl ethers, such as vinyl methyl ether and 
vinyl phenyl ether, and (g) aromatic vinyl compounds , such 
as styrene and alpha-methyl styrene. Amongst these comono- ; . 
mers, vinyl esters of monocarboxylic acids having 1-4 car- 
20 bon atoms, such as vinyl acetate, and (meth) acrylate of 
alcohols having 1-4 carbon atoms, such as methy 1 ( meth ) ^' 
acrylate, are preferred. Especially preferred comonomers 
are butyl acrylate, ethyl acrylate and methyl acrylate. 
Two or more such olefinically unsaturated compounds may be 
25 used in combination. The term 1 (meth) acrylic acid' is 
intended to embrace both acrylic acid and methacrylic - 
acid. The comonomer content of the copolymer may amount to: 
70% by - weight of the copolymer, preferably about 0.5-35% 
by weight, roost preferably about 1-30% by weight. 
30 If using a graft polymer, this may have been produced 

e.g. by any of the two methods described in US 3,646,155 
and US 4,117,195, respectively. 

The silane-containing polymer according to the inven- 
tion suitably contains 0.001-15% by weight of -the silan£ 
35 compound, preferably 0.01-5% by weight, most preferably 
6.1-3% by weight. 
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As is usually the case for polymer compositions, the 
crosslinkable polymer may contain various additives , such 
as miscible thermoplastics, stabilisers, lubricants, fil- 
lers, colouring agents and foaming agents, 
5 As to the miscible thermoplastics added, mention may 

be made of miscible polyolefins, such as polyethylene of 
low density, medium density and high density, polypropy- 
lene, chlorinated polyethylene, as well as various copo- 
lymers including ethylene and one or more other comono- 
v 10 mers, e.g. vinyl acetate, methyl acrylate, propene, 

butene, hexene and the like. One may use either a single 
polyolefin or a mixture of several polyolefins. The poly- 
olefin content of the composition may be up to 70% by 
weight, as based on the total amount of this polyolefin 
15 and the silane-containing polymer. 

As to fillers, mention may be made of inorganic fil- 
lers, such as silicates, e.g. kaolin, talc, montmorillo- 
nite, zeolite, mica, silica, calcium silicate, asbestos, 
powdered glass, glass fibre, calcium carbonate, gypsum, 
20 magnesium carbonate, magnesium hydroxide, aluminium 

hydroxide, carbon black and titanium oxide. The content of 
the inorganic filler may be up to 60% by weight, as based 
on the sum of the weights of the filler and the silane- 
containing polymer. 
25 Finally, it should be observed that the crosslinkable 

polymer used in; the invention is previously known and that 
the novel and distinctive feature of the invention thus 
does not reside in this polymer, but in the special sila- 
nol condensation catalyst added to the polymer to form the 
30 inventive polymer composition. 

The following nonrestrictive Examples are incorpo- 
rated herein to further illustrate the invention. 

Example 1 

35 A silanol condensation catalyst was added to a cross- 

linkable polymer with hydrolysable silahe groups. The 
polymer was a copolymer of ethylene and vinyl trimethoxy- 
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silane. The amount of vinyl trimethoxysilane was 2% by 
weights A crosslinkable composition was prepared by add- 
ing to the polymer a silanol condensation catalyst accord- 
ing to the invention. The catalyst was added in the form 
of a master batch of low-density polyethylene containing 
8 miriole catalyst/kg master batch. The master batch was 
added in such quantities that the amount of catalyst in 
the total composition in each case became that given in 
Table 1 below. The composition was then crosslinked. The 
degree of crosslinking at different points of time was 
measured by decalin extraction according to the UNI 459 
method, which is in accordance with ASTM D 2765, except 
that, after decalin extraction for 6 h, extraction is 
continued for 1 h in pure, boiling decalin. The results 
are given in Table 1 below, in which the values given are 
. mean. values of two determinations. 

TABLE 1 

Crosslinking temperature 23 °C; 50% relative humidity 





Ambunt. 




Crosslinking 


time 




Catalyst 


mmole/kg 


2 days 


4 days 


7 days 10 


days 


15 days 


Dodecy 1 - benzene 


0.4 




70 








sulphonic acid 














( =Uf acid K ) 


0.8 


27 


69 


77 


77 




Tetrapropyl - 


0.4 




72 








benzene sul- 


0.8 


45 


70 


77 


75 


78 


phonic acid 


1.6 


52 






78 


79 


( =Ufacid TPB) 


2.3 


64 






80 


80 ; 


Acetyl p-dodecyl 


-0.8 


74 


76 


79 


79 





benzene sulpho- 
hate 



Example 2 " 

For comparative purposes, tests were performed under 
essentially the same conditions as in Example I, using 
'various compounds of conventional type or otherwise lying 
outside the invention bs catalysts. The results are given 
in Table 2 below, in terms of gel content in % by weight: 
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TABLE 2 

Crosslinking temperature 23 °C; 50% relative humidity 
Amount Crosslinking time 

Catalyst mmole/kg 2 days 4 days 7 days 10 days 15 days 

DBTDL 0.79 55 46 59 

1.58 65 62 72 

2.34 68 65 72 

Sn(II)octoate 0.79 10 13 19 

1.58 60 53 60 

2.34 60 63 i 59 

p-toluene sul- 0.8 66 68 74 

phonic acid 4.5 73 72 78 

1- naphthalene 0.8 68 74 75 77 
sulphonic acid 

2- naphthalene 0.8 70 74 77 76 
sulphonic acid 

Acetyl methane 0.8 52 60 64 ' 66 

sulphonate 

Acetyl p-toluene 0.8 73 75 79 78 

sulphonate 

As is evident from Tables 1 and 2, the inventive catalysts 
provide more rapid crosslinking at room temperature than dr 
the conventional catalysts DBTDL and Sn( II )octoate at 
corresponding contents. The likewise conventional toluene 
and naphthalene sulphonic acids, although providing rapid 
crosslinking, have the disadvantage of discolouring the 
polymer considerably . Neither can these acids be used for 
crosslinking in water baths/ since they are then rapidly 
dissolved into the aqueous phase, which diminishes their 
catalytic activity- The same disadvantages arise also with 
the acetyl methane and toluene sulphonates tested. 

Example 3 

The test according to Example 1 was repeated, using 
tetrapropyl benzene sulphonic acid ( TPBSA ) as catalyst. 
Crosslinking was - performed at 40°C in the presence of water 
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and with different contents of the catalyst. For comparative 
purposeis, corresponding tests were carried out using dibutyl 
tin dilaurate (DBTDL) and tin( II )octoate as catalysts. The 
results appear from Table 3 below. 

TABLE 3 

Amount of Crosslinking degree (%) 
catalyst at 40 °C after 



io 



Catalyst 


(mmole/kg ) 


5 h 


16 h 


24 h 


48 h 


96 h 


DBTDL 99 


0.79 


8 


39 


50 


59 


.61;-' =; 


Sn( II )octoate 


0.79 


44 


60 


63 


61 


68 


TPBSA 


0.79 


38 


67 


78 


75 






1.58 


53 


71 


76 


77 






2.34 


62 


76 


77 


77 





As is evident from Table 3, the inventive catalyst 
provides more rapid crosslinking at 40 °C than do the con- 
ventional catalysts at corresponding contents. 

20 Example 4 

The test according to Example 3 was repeated, except 
that crosslinking was carried out at 60 9 C. The results 
appear from Table 4 below. 

TABLE 4 

25 Amount of Crosslinking degree (%) 

catalyst at 60°C after . . : : * 



30 



35 



. Catalyst 


(mmole/kg ) 


2 h 


5 h 


7 h 


17 h 


20 h 


DBTDL 99 


0.79 




51 


56 




64 




1.58 




62 


63 




87 




2.34 




65 


70 




86 


Sn( II )octoate 


0.79 




63 


65 




72 : 




1.58 




74 


75 




78 




2.34 




80 


76 




79 


TPBSA 


0.79 


56 


75 


76 


78 






1.58 


64 


77 


79 


79 






2.34 


73 


78 


78 


79 
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As is evident from Table 5, the inventive catalyst 
generally provides more rapid crosslinking at 60 °C than 
do the conventional catalysts at corresponding contents. 

5 Example 5 

The test according to Example 3 was repeated , except 
that crosslinking was carried out at 80 °C. The results 
appear from Table 5 below. . 

10 TABLE 5 

Amount of Crosslinking degree (%) 
. catalyst at 80°C after 



15 



20 



Catalyst ( mraole/kg ) 


1 h 


2 h 


4 h 


7 h 


20 h 


DBTDL 0.79 




53 


57 


67 


75 


1.58 




63 


66 


88 


79 


2.34 




68 


76 


89 


79 


Sn ( I I ) octoate 0 . 79 




61 


68 


71 


74 


1.58 




73 


78 


77 


78 


2.34 




79 


79 


80 


80 


TPBSA 0.79, 


73 


75 


77 


79 




1.58 


76 


79 


79 


80 




2.34 


78 


79 


79 


80 





As is evident from Table 5, the inventive catalyst 
generally provides more rapid crosslinking at 80 °C than do 
the conventional catalysts at corresponding contents, and 
especially at low contents. 

Example 6 

The test according to Example 3 was repeated, except 
that crosslinking was carried out at 90 °C, and that three 
catalysts according to the invention, as weli as several 

catalysts falling outside the invention, were tested. The 

• ... - ■ 

results appear from Table 6 below. 
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TABLE 6 

Crosslinkihg degree in % by weight 



Catalyst 


Amount 
mmole/kg 


0.25h 


lh 


. after 
1 . 5h 2h 


5h 


20h 


1001 


p-dodecyl benzene 
sulphonic acid 


0.8 


64 




75 




79 


81 


81 


Tift m+mm. ^mWM Mil Am fc^^^ * | 

Tetrapropyx joen— 
zene sulphonic acid 


OA 
w • O 

1.6 
2.3 


u / 

61 
70 


/ u 

79 
80 


; 75 


77 
80 
80 


./ O 


pi 

OX ," 




Acetyl p-dodecyl 
benzene sulphonate 


0.8 


73 




78 




78 


81 


82 


DBTDL 


0.8 
1.6 

Z . o . 


23 




53 
77 




75 
76 

ou 


79 
80 


79 


Sn( II )octoate 


0.8 
1.6 

2.3 


57 




67 
78 
78 




70 
79 
80 


71 
77 
81 


75 


1 -naphthalene sul- 
phonic acid 


0.8 


38 




49 




43 


57 


66 


2 -naphthalene sul- 
phonic acid 


0.8 


35 




40 




54 


62 


69 


Acetyl methane 
sulphonate 


0.8 


8 




: 5 




9 


12 


22 


Acetyl p-toluene 


0.8 


38 




48 




51 


54 


63 



sulphonate 

As is evident from Table 6, the inventive catalysts pro- 
vide more rapid crosslinking in water at 90°C than do the 
conventional catalysts DBTDL and Sn( II )octoate at corre- 
sponding contents. It is also apparent that the non-com- 
patible naphthalene sulphonic acids as well as the acetyl 
derivatives of the very water-soluble methane and toluene 
sulphonic acids, which all work fairly well at 23 °C and 
50% relative humidity, at 90°C in water are dissolved out 
of the plastic compounds and thus become comparatively 
much less active as catalysts. 
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Example 7 

A number of crosslinking tests were carried out 
involving inventive silahpl condensation catalysts, as 
well as reference catalysts falling outside the scope of 
5 the invention. The tests were performed in accordance with 
Example 1, and the catalyst content was 0.8 mmole/kg poly- 
mer composition, unless otherwise stated. The tests were 
performed at the temperatures and for the times indicated 
in Table 8. Of the tested catalyst compounds 1-13 in 

10 Table 8, 1-3 are inventive catalysts and 4-13 are refe- 
rence catalysts. The inventive compound 3 (acetyl p-dode- 
cyl benzene suiphonate ) is a precursor compound which, 
after hydrolysis, gives p-dodecyl benzene sulphonic acid. 
From the results given in Table 7, it is evident that the 

15 inventive catalysts give faster crosslinking than conven- 
tional catalysts 4 and 5, especially at room temperature, 
but also at elevated temperatures. Some of the other 
compounds, such as compounds 6 and 7, apparently give good 
results at room temperature, but discolour the polymer 

20 considerably, especially at higher temperatures. Neither 
can they be used for crosslinking in water baths, since 
they are then dissolved from the polymer, something which 
also applies to the hydrolysis products of compound 9 and 
especially compounds 8 and 10. Further, after hydrolysis, 

25 compound 9 of course gives the same discolouration as com- 
pound 7. Compounds 11 and 12 give good results at 23 °C, 
but are extracted from the polymer at temperatures higher 
than 60°C. It may also be observed that compound 13, i.e. 
the sodium salt of compound 1 according to the invention, 

30 does not act as a silandl condensation catalyst. 



35 
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TABLE 7 

Crosslinking degree (%) 







90°C 


80°C 


60°C 


23 


°c, 


50% R r H. 


Compound 


1.5h 


4h 


17h 


5 


days 


1. 


Dodecyl benzene: 
sulphonlc acid 


75 


78 


79 


73 
75 




days ) 


2. 


Tetrapropyl benzene 
sulphonic acid 


75 


77 


78 


72 
76 


( 8 


days ) 


3. 


Acetyl-p-dodecyl 
















benzene sulphonate 


78 


77 


76 


77 






4. 


DBTL 


53 


57 


58 


55 


(A 


days ) 


5 . 


Sn (II) oc t anoate 


64 


57 


65 


36 


( A 


UCljr o / 


6. 


Sulphuric acid 


39 


35 


48 


71 






7 . 


p- toluene sulphonic acid 






66 


(A 






(0.8 and 4.5 mmdle/kg, 
















respectively) 


27 






73 


(4 


days ) 


8. 


Acetyl methane sul- 
















phonate 


5 


5 


35 


62 






9. 


Acetyl p-. toluene 
















sulphonate 


48 


53 


65 


78 






10. 


Octadecanoyl methane 
















sulphonate 


22 


23 


39 


53 






11- 


1 -naphthalene sulpho- 
















nic acid 


49 


49 


65 


73 






12. 


2-naphthalene sulphonic 
















acid 


40 


53 


67 


75 






13. 


Dodecyl benzene sul- 

i 
















phonic sodium salt 


1.7 


0 


2.3 


0 







25 



30 



compounded on twin-screw extruder 
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CLAIMS 



1. A crosslinkable polymer composition containing a 
5 crosslinkable polymer with hydrolysable si lane groups and 

at leaist one silanol condensation catalyst, charac- 
terised in that the silanol condensation catalyst 
comprises a compound of formulia I 

10 ArSOgH (I) 

or a precursor thereof , Ar being a hydrocarbyl -substituted 
benzene or naphthalene ring, the hydrocarbyl radical or 
radicals containing 8-20 carbon atoms in the benzene case 
15 and 4-18 carbon atoms iii the naphthalene case. 

2. A polymer composition as set forth in claim 1, 
characterised in that the hydrocarbyl radical 
is an alkyl substituent having 10-18 carbon atoms. 

3. A polymer composition as set forth in claim 2, 
20 characterised in that the alkyl substituent 

contains 12 carbon atoms and is selected from dodecyl and 
tetrapropyl. 

4. A polymer composition as set forth in any one of 
the preceding claims, character i s ed in that 

25 the silanol condensation catalyst is a precursor of the 
compound of formula 1. 

5. A polymer composition as set forth in claim 4, 
characterised in that the precursor is an 
anhydride of the sulphonic acid of formula I. 

30 6. A polymer composition as set forth in claim 4, 

characterised in that the precursor is a sul- 
phonic acid of formula I provided with a hydrolysable pro- 
tective group. 

7. A polymer composition as set forth in claim 6, 

35 characterised in that the hydrolysable pro- 
tective group is acetyl. 
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8. A polymer composition as set forth in claim 7, 

c h a r a c t e r i s e d in that the precursor is acetyl 
p-dodecyl benzene sulphonate. 

9. A polymer composition as set forth in any one of 
5 the preceding claims, characterised in that 

it contains 0.0001-3% by weight of silanol condensation 
■catalyst. ' ; ■ 

10. A polymer composition as set forth in any one of 
the preceding claims, characterised in that 

10 it further contains another silanol condensation catalyst. 
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